We generalize the BRST transformations in Abelian rank-2 tensor field theory by allowing the parameter to be finite and field dependent and show that such 
I. INTRODUCTION
Gauge theories of Abelian rank-2 antisymmetric tensor field play crucial role in studying the theory for classical strings [1] , vortex motion in an irrotational, incompressible fluid [2, 3] and the dual formulation of the Abelian Higgs model [4, 5] . Abelian rank-2 antisymmetric tensor fields are also very useful in studying supergravity multiplets [6] , excited states in superstring theories [7, 8] and anomaly cancellation in certain superstring theories. Geometrical aspects of Abelian rank-2 antisymmetric tensor fields are studied in a U(1) gauge theory in loop space. The Ward-Takahashi identities are derived for such theories in a superspace formulation [9] .
Covariant quantization using BRST formulation for an Abelian rank-2 antisymmetric tensor field was studied consistently by many people [10] [11] [12] [13] [14] [15] . In such covariant quantization a naive gauge fixing term containing the antisymmetric tensor field is itself invariant under a secondary gauge transformation and hence further commuting ghost fields (ghost of ghosts) are required for complete gauge fixing. The usual BRST transformations are characterized by an infinitesimal, anticommuting and global parameter. These transformations in pure Yang-Mills theory have been generalized by allowing the parameter to be finite, field dependent but independent of x µ explicitly (known as FFBRST transformations) [16] . Such a generalized BRST transformations are symmetry of the effective action and are nilpotent.
The generalized BRST transformations have found many applications in studying 1-form gauge theory [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . A correct and explicit prescription for the poles in the gauge field propagators in noncovariant gauges have been derived by connecting the effective theories in covariant gauge to the theories in noncovariant gauge through FFBRST transformations [17, 24] . Hence one does not need to put a prescription for the poles by hand in the formulation using FFBRST transformations [17] . The divergent energy integrals in Coulomb gauge are regularized by modifying the time like propagator by considering the generalized BRST transformations [24] . The question of gauge invariance of the Wilson loop in the light of a new treatment of axial gauge propagator [17] are proposed based on a the FFBRST transformations [20] [21] [22] . Using the technique of generalized BRST trans-formations it has been shown that the classical massive Yang-Mills theory and the pure Yang-Mills theory whose gauge symmetry is broken by a gauge fixing term are identical from the view point of quantum gauge symmetry [23] .
In this present work we study the quantization of the Abelian rank-2 antisymmetric tensor field by using the generalized BRST transformations. We have shown that it is possible to construct the Abelian rank-2 tensor field theory in noncovariant gauges by using generalized BRST transformations. In particular, we have shown the generating functional for Abelian rank-2 tensor field theory in covariant gauges transformed to the generating functional for the same theory in a noncovariant gauges for a particular choice of the finite parameter in generalized BRST transformations. The new results arise from the nontrivial Jacobian of the path integral measure under such finite BRST transformations. We have established the connections explicitly for the theories in two different noncovariant gauge, namely axial gauge and Coulomb gauge.
The Lagrangian quantization of Batalin and Vilkovisky [27] [28] [29] [30] [31] , also known as the field/antifield formulation considered to be one of the most powerful and advanced technique of quantization of gauge theories involving the BRST symmetry [30, 31] . We consider the field/antifield formulation of Abelian rank-2 tensor field theory by introducing the antifield φ ⋆ corresponding to each field φ with opposite statistics to study the role of generalized BRST transformation in such formulation. We show that the FFBRST transformation changes the generating functional corresponding to one gauge fixed fermion to the generating functional to another gauge fixed fermion. Thus FFBRST transformation connects the different solutions of the master equation in field/antifield formulation. We show this by considering an explicit example.
This paper is organized in the following manner. We start with a brief discussion about Abelian rank-2 antisymmetric tensor field theory in the Sec. Mathematical details, for section 4, are provided in Appendices. Last section is kept for discussion and concluding remarks.
II. PRELIMINARY : GAUGE THEORY OF ABELIAN RANK-2 ANTISYMMETRIC TENSOR FIELD
We consider the Abelian gauge theory for rank-2 antisymmetric tensor field B µν defined by the action
where
This action is invariant under the gauge transfor-
To quantize this theory using BRST transformation, it is necessary to introduce the following ghost and auxiliary fields: anticommuting vector fields ρ µ andρ µ , a commuting vector field β µ , anticommuting scalar fields χ andχ, and commuting scalar fields σ, ϕ, andσ. The BRST transformation is then defined for B µν by replacing ζ µ in the gauge transformation by the ghost field ρ µ .
The complete effective action for this theory in covariant gauge, using the BRST formulation, is given by
with the gauge fixing and ghost term
where λ 1 and λ 2 are gauge parameters. This effective action is invariant under following BRST and anti-BRST symmetries.
BRST:
Anti-BRST: 
where φ is the generic notation for all the fields (B µν , ρ µ ,ρ µ , β µ , ϕ, σ,σ, χ,χ). and φ(x, κ = 1) = φ ′ (x), the transformed field.
The usual infinitesimal BRST transformations, thus can be written generically as
where the Θ ′ [φ(x, κ)]dκ is the infinitesimal but field dependent parameter. The generalized BRST transformations with the finite field dependent parameter then can be constructed by integrating such infinitesimal transformations from κ = 0 to κ = 1 , to obtain
is the finite field dependent parameter.
It can easily be shown that such offshell nilpotent BRST transformations with finite field dependent parameter are symmetry of the effective action in Eq. (2.2). However, the path integral measure in Eq. (2.6) is not invariant under such transformations as the BRST parameter is finite.
The Jacobian of the path integral measure for such transformations can be evaluated for some particular choices of the finite field dependent parameter, Θ[φ(x)], as
The Jacobian, J(κ) can be replaced (within the functional integral) as
iff the following condition is satisfied [16] Dφ
is local functional of fields.
The infinitesimal change in the J(κ) can be written as
where ± sign refers to whether φ is a bosonic or a fermionic field.
By choosing appropriate Θ, we can make S ef f + S 1 either another effective action for same theory or effective action for another theory. The resulting effective action also be invariant under same BRST/anti-BRST transformations.
IV. GENERALIZED BRST IN 2-FORM GAUGE THEORY : EXAMPLES
In this section we would like to show explicitly that the generalized BRST transformations can relate the different effective theories. In particular we are interested to obtain the effective theories for Abelain rank-2 tensor field in noncovariant gauges by applying generalized BRST transformations to the effective theories in covariant gauge.
A. Effective theory in axial gauge
We start with the generating functional corresponding to the effective theory in Lorentz gauge given in Eq. (2.6), where S L ef f is invariant under following generalized BRST:
where Θ b is a finite, anticommuting BRST parameter depends on the fields in global manner. To obtain the effective theories in axial gauge we choose the finite parameter as
where γ 1 and γ 2 are arbitrary parameters (depend on κ) and η µ is arbitrary constant four vector. Now we apply these generalized BRST transformations to the generating functional Z L given in Eq. (2.6). The path integral measure is not invariant and give rise a nontrivial functional e iS A 1 (explicitly shown in Appendix A), where
is the effective action in axial gauge with new gauge parameters λ
Thus, the generalized BRST transformations with the finite parameter given in Eq. (4.1) take
The effective theory of Abelian rank-2 antisymmetric field in axial gauge is convenient in many different situations. The generating functional in axial gauge with a suitable axis is same as the generating functional obtained by using Zwanziger's formulation for electric and magnetic charges [33, 34] . Using the FFBRST transformations with the parameter given in Eq. (4.2) we have linked generating functionals in covariant and noncovariant gauges.
B. Effective theory in Coulomb gauge
The generating functional for the effective theories in Coulomb gauge can be obtained by using the generalized BRST transformations with a different parameter
The effective action in Lorentz gauge, S 8) and this extra piece of the action can be added to the effective action in covariant gauge to lead a new effective action
which is an effective action in Coulomb gauge for Abelian rank 2 tensor field. Thus we can study the Abelian 2-form gauge theory in Coulomb gauge more rigorously through its connection with Lorentz gauge via finite BRST transformations.
V. GENERALIZED ANTI-BRST TRANSFORMATION IN 2-FORM GAUGE THEORIES
In this section, we consider the generalization of anti-BRST transformations following the similar method as discussed in section 4 and show it plays exactly similar role in connecting the generating functionals in different effective theories of Abelian rank-2 antisymmetric tensor field.
A. Axial gauge theory using generalized anti-BRST
For sake of convenience we recast the effective action in covariant gauge given in Eq.
which is invariant under following generalized anti-BRST transformations:
where Θ ab is finite field dependent anti-BRST parameter. To obtain the generating functional in axial gauge using finite field dependent anti-BRST (FF anti-BRST) transformations we choose, 
It is easy to verify that 
This can be written in compact form as
where W Ψ L (φ, φ ⋆ ) is an extended action for 2-form gauge theory in Lorentz gauge corresponding the gauge fixed fermion Ψ L having grassman parity 1 and ghost number -1. The
The generating functional Z L does not depend on the choice of gauge fixed fermion. This extended quantum action, W Ψ L (φ, φ ⋆ ) satisfies certain rich mathematical relation called quantum master equation [31] , given by
The antifields φ ⋆ corresponding to each field φ for this particular theory can be obtained from the gauge fixed fermion as
Now we apply the FFBRST transformation with the finite parameter given in Eq. (4.2)
to this generating functional in Lorentz gauge. But the path integral measure is not invariant under such a finite transformation and give rise to a factor which can be written as e iS 1 , where the functional S 1 is calculated in Appendix A and also given in Eq. (4.3).
The transformed generating functional
The generating functional in axial gauge
The extended action W Ψ A for 2-form gauge theory in axial gauge also satisfies the quantum master equation (6.4). The gauge fixed fermion for axial gauge
and corresponding antifields arē
Thus the FFBRST transformation with finite parameter given in Eq. 
J(κ) can be replaced by e iS A 1 if the condition in Eq. (3.6) satisfies. We start with an ansatz for S A 1 to connect the theory in Lorentz to axial gauge as
where ξ i (i = 1, 2, ..., 14) are explicit κ dependent parameters to be determined by using Eq. (3.6). The infinitesimal change in Jacobian, using Eq. (3.7) with finite parameter in Eq. (4.2), is calculated as
The condition (3.6) will be satisfied iff 
Further by comparing the coefficients of different terms iβ ν ∂ µ B µν , iβ ν η µ B µν , iβ ν β ν ,
iη µ β µ ϕ, χ∂ µρ µ and χη µρ µ in both sides of Eq. (A4), we obtain the following conditions 
where we have chosen the arbitrary parameter γ 1 = −1. Putting the values of ξ i in Eq.
(A2) we obtain S A 1 at κ = 1 as
